Abstract
Introduction
Cardiac resynchronization therapy (CRT) has become an accepted method for treating refractory heart failure (HF) in patients with idiopathic or ischemic dilated cardiomyopathy associated with electromechanical asynchrony. In the current American Heart Association (AHA) guidelines, CRT is a class I (level of evidence A) therapy for patients with a left ventricular ejection fraction (LVEF) less than or equal to 35% and a QRS duration greater than or equal to 120 ms, who are New York Heart Association (NYHA) functional Class III or IV despite optimal recommended medical therapy [1, 2] . By restoring co-ordinated contraction, CRT promotes LV reverse remodeling and improves symptoms, exercise capacity and quality of life in patients with cardiac HF (CHF) [1, 2] . Several animal studies and clinical trials have suggested that down-regulation of inflammatory cytokines may improve cardiac performance [3] .
Arterial distensibility and arterial compliance are an index of arterial stiffness and a surrogate marker for coronary atherosclerosis [4] . Arterial distensibility plays a role in determining both arterial systolic and diastolic pressure and therefore, in the clinical context, influences LV size and function, and coronary blood flow [5, 6] . Non-invasive ultrasound techniques such as echocardiography and aortic pulse wave velocity are used to evaluate arterial distensibility and cardiovascular condition [4] [5] [6] .
The effect of CRT on arterial distensibility, compliance and inflammation alterations associated with CHF is not well understood [7] [8] [9] . Accordingly, the present study aims to assess the acute effects of ventricular resynchronization therapy with biventricular stimulation on arterial distensibility, echocardiographic parameters and serum norepinephrine (NE) levels in patients with symptomatic systolic HF and prolonged QRS duration.
Methods

Study population and protocol
In this prospective randomized study, we enrolled 14 CHF patients (53.6 ± 9.1; 39-67 years, 7 woman) referred to our institute from January 2010 to January 2011 for biventricular pacemaker implantation. Patients had an advanced CHF (NYHA III-IV functional class) due to non-ischemic dilated cardiomyopathy, with a LVEF < 35% and QRS duration ³ 120 ms. All patients had been receiving optimal medical therapy for at least 3 months prior to enrolment. Exclusion criteria were previous pacemaker implantation, significant valvular heart disease requiring surgical correction, acute myocarditis and/or pericarditis and severe chronic obstructive pulmonary disease. Patients had no clinical evidence of inflammatory, neoplastic, or metabolic diseases as assessed by clinical history, examination and laboratory tests.
The study was approved by the local ethical committee. All subjects gave their consent for inclusion in the study. The investigation conforms with the principles outlined in the Declaration of Helsinki.
Blood pressure measurement
In each subject the arterial blood pressure was measured by the same observer in each subject in the supine position after at least 30 min of rest. Clinic blood pressure was measured, using a mercury sphygmomanometer with a cuff appropriate to the arm circumference (Korotkoff phase I for systolic blood pressure and V for diastolic blood pressure). In each subject two blood pressure measurements were performed, and their mean was considered for analysis.
Laboratory measurements
Blood samples were taken between 08.30 and 09.30 a.m. from the antecubital vein which had fasted overnight. Fasting serum blood glucose, blood urea nitrogen, creatinine, uric acid, aspartat aminotransferase, alanin aminotransferase, total cholesterol, high-density lipoprotein cholesterol, very low-density cholesterol, triglyceride, sodium, potassium, chlorine, calcium and magnesium were measured using an Abbott C8000 (Abbott, Japan) automatic analyzer. Blood cells were counted on the HMX (Beckman Coulter, USA) analyzer. Thyroid stimulating hormone (TSH), free T3 and free T4 were measured with Immulite 2000 (DPC; LosAngeles, USA) by chemiluminescent immunometric assay.
Measurement of norepinephrine and brain natriuretic peptide
Blood samples for measure basal serum NE and B-type natriuretic peptide (BNP) were collected before 24 h biventricular implantation and after 48 h of CRT. All samples were centrifuged at 2000 rpm for 15 min and stored at −80°C until further analysis. Plasma levels of BNP (ADVIA Centaur BNP Assay, USA) was measured using a competitive enzyme immunoassay. NE (DRG ® Noradrenaline ELISA, EIA-4317, USA) levels were determined by enzyme-linked immunosorbent assay (ELISA). 
Transthoracic echocardiography
A Vivid 3 cardiovascular ultrasound system [3S sector probe (1.5-3.6 MHz), GE] was used for transthoracic echocardiographic evaluation [10] . Transthoracic echocardiography was performed before 24 h biventricular implantation and after 48 h of CRT. Echocardiography was performed with the subject in the lateral decubitus position. LV end-diastolic diameter, LV end-systolic diameter and LVEF% were measured in the parasternal long-axis view. The measurements were obtained from two-dimensional guided M-mode recordings. After the routine conventional echocardiographic examination was performed, subjects were placed in a mild recumbent position, and the ascending aorta was recorded in the two-dimensional guided M-mode tracings. Aortic diameters were recorded 3 cm above the aortic valve by M-mode echocardiography. Aortic systolic diameter was determined at the time of the full opening of the aortic valve, and aortic diastolic diameter was determined at peak QRS. The same blinded investigator performed the echocardiography and the echocardiograms were analyzed by two blinded cardiologists.
Aortic strain was calculated as follows: Aortic strain = (AoS -AoD)/AoD, where AoS -systolic aortic diameter, AoD -diastolic aortic diameter). Aortic distensibility was calculated as follows: Aortic distensibility = 2 × (AoS -AoD)/(AoD X PP), where PP -pulse pressure [11, 12] .
Pacemaker implantation
In all patients ventricular tachycardia was not induced during elecrophysiological study. Biventricular devices were implanted as previously described [13] . Briefly, the LV pacing lead was inserted transvenously via the subclavian vein with the help of a guiding catheter into the coronary sinus, and then positioned in the lateral or posterolateral cardiac vein when possible.
Statistical analysis
Statistics were obtained using the ready-to-use programme of SPSS version 8.0. All the values were expressed as mean ± standard deviation. Wilcoxon's nonparametric test was used for comparison of preand post-CRT factors. The factors between men and women were assessed by Mann-Whitney U Test. p<0.05 was considered significant.
Results
Fourteen (7 men, 7 women) consecutive patients with drug refractory advanced CHF were included in the study. The mean age of the CHF patients was 53.6 ± 9.1 years. All patients had non-ischemic cardiomyopathy. Ten (81%) patients were in NYHA class III, while the remaining 4 were in class IV. Six patients had diabetes mellitus. During the study all patients were receiving angiotensin-converting enzyme or angiotensin II receptor blocker-thiazide diuretics combination; beta blocker and spirinolactone. Table 1 shows biochemical and hematologic values of the patients. Table 2 shows hemodynamic and echocardiographic values, NE and BNP levels in pre-and post-CRT. Although systolic blood pressure, diastolic blood pressure, LV end--diastolic diameter, LV end-systolic diameter, serum BNP, and serum NE levels significantly decreased after CRT implantation; EF and aortic distensibility significantly increased. There was no significance in the hemodynamic and echocardiographic values, NE and BNP levels in pre-and post-CRT between men and women (Table 3) . 
Discussion
The current study examined the acute effects of CRT on serum NE and arterial distensibility in patients with severe CHF. The major findings of this study is that after implantation of CRT serum NE levels decrease and the arterial distensibility in patients with CHF in acute period improves.
With the progression of CHF, several neurohumoral systems, including the renin-angiotensinaldosterone system, sympathetic nervous system and natriuretic peptides such as BNP are activated [14] . BNP release is stimulated by stretching of the atrial tissue and by volume-loading of the circulation, as in our study. Therefore, BNP levels correlate with the severity of CHF and predict prognosis of CHF patients [15] . Greater levels of BNP prior to implantation predict a positive response to CRT in HF [16] . Levels of atrial natriuretic peptide and BNP consistently decrease after a 3-month CRT compared with baseline [17, 18] .
Sympathetic activation causes an increase in heart rate and inotropy via the release of NE acting primarily upon beta1-adrenoceptors, during CHF serves as an important compensatory mechanism, but it is also a precipitating factor in progressive CHF. Increased sympathetic tone in CHF leads to substantially elevated plasma NE level and impaired reuptake and storage function of this primary neurohormonal transmitter at the presynaptic level, contributing to disease progression and an unfavorable prognosis [19, 20] . Many studies demonstrated that CRT improves in symptoms and exercise capacity in patients with CHF, as in our study [21] [22] [23] [24] . These beneficial clinical effects were accompanied by evidence of reverse ventricular remodeling, which included improvements in biventricular mechanical resynchronization, mitral regurgitation, a significant increase in LVEF and significant reductions in LV end-systolic volume, LV end-diastolic volume and following CRT, as in our study [21, 22, 25] . The most important finding of our study was the decrease of cardiac sympathetic activation, assessed on the basis of serum NE levels, after CRT. Cha et al. [25] found that clinical and cardiac functional improvements were paralleled by significant improvements in NE reuptake function as measured by metaiodobenzylguanidine ( 123 I-MIBG), an NE analog, uptake and retention after CRT for advanced cardiomyopathy. Also, CRT inhibits arterial baroreflex mediated sympathoexcitation occurring in CHF, and, therefore, reduces adrenergic nerve outflow measured by microneurography [26, 27] .
In this study, we found that arterial stiffness and serum NE levels are decreased after CRT therapy. Arterial distensibility plays a great clinical role in describing patients at high cardiovascular risk [4, 28] . It is an important mechanical property as it is related to the impedance of blood vessels and in turn to the pulsatile afterload that is presented to the LV [29] . Several studies have shown that arterial distensibility depends on variations in blood pressure [4, 28] , as well as sympathetic stimulation [30] [31] [32] . Activation of the sympathetic nervous system has been shown to reduce distensibility of small-and medium-size arteries in animals [30, 31] . Also, one study demonstrated that increases in sympathetic stimulation are associated with the reduction of radial artery distensibility in humans [33] . The sympathetic nervous system exerts a marked tonic restraint on large arterial distensibility, and this restraint involves large arteries with a predominant elastic structure and arteries with a predominant muscle structure. The decrease in aortic distensibility may increase the impedance to LVEF and, thus, may reduce the coronary blood flow and aggravating myocardial ischemia.
Limitations of the study
The medications used during the study may affect echocardiographic measurements, and circulating plasma catecholamine levels. Concomitant use of beta blocker and angiotensin converting enzyme/angiotensin II receptor inhibitor may suppress elevated NE level or attenuate the increase in NE as previously reported [34, 35] .
Conclusions
In conclusion, after implantation of CRT activation of sympathetic activity decreases and the arterial distensibility in patients with CHF improves.
